Coherent production of J/ψ mesons is studied in lead-lead collision data at a nucleon-nucleon centre-of-mass energy of 5 TeV collected by the LHCb experiment. The data set corresponds to an integrated luminosity of about 10 µb −1 . The J/ψ mesons are reconstructed in the dimuon final state, where the muons are detected within the pseudorapidity region 2.0 < η < 4.5. The J/ψ mesons are required to have transverse momentum p T < 1 GeV and rapidity 2.0 < y < 4.5. The cross section within this fiducial region is measured to be σ = 5.3 ± 0.2 (stat.) ± 0.5 (syst.) ± 0.7 (lumi.) mb. The differential cross section is also measured in five bins of J/ψ rapidity. The results are compared to predictions from phenomenological models.
Introduction
In ultra-relativistic heavy-nuclei collisions at the LHC, two-photon and photonuclear interactions are enhanced with respect to strong interactions in ultraperipheral collisions (UPC) when the impact parameters of the two nuclei are larger than the sum of their radii. In this work, a measurement of J/ψ production in UPC using the LHCb detector [1, 2] is presented. The collisions are either coherent, where the photon couples coherently to all nucleons, or incoherent, where the photon couples to a single nucleon.
In the case of coherent J/ψ production in UPC, PbPb → Pb+J/ψ +Pb, the photon-lead interaction can be modelled by the exchange of two gluons, identified as a single object called a Pomeron [3] [4] [5] [6] [7] . This interaction is expected to probe the nuclear gluon distribution at hard scales of about m 2 J/ψ /4, where m J/ψ is the J/ψ mass [8, 9] .
Candidate selection
In this analysis, J/ψ → µ + µ − candidates are selected by the trigger system, requiring at least one muon with a transverse momentum p T > 900 MeV 1 , at the hardware level, and the invariant mass of the two muons to be greater than 2.7 GeV, at the software level. In the offline selection, candidates are identified by requiring both muons to have p T > 500 MeV within the pseudorapidity region 2.0 < η < 4.5 and the dimuon invariant mass to be within 65 MeV of the known J/ψ mass pole [10] . In addition, only J/ψ candidates with reconstructed p T < 1 GeV, 2.0 < y < 4.5 and which form a good-quality vertex are used. Additional activity from the same vertex is vetoed.
Cross-section measurement
The cross section of coherent J/ψ production per unit rapidity is defined within a J/ψ rapidity interval ∆y as
where ε y is the total efficiency in each rapidity bin, n coh is signal yield, ∆y is the rapidity bin width, L is the integrated luminosity and B is the branching fraction B(J/ψ → µ + µ − ) = (5.961 ± 0.033)% [10] . The integrated luminosity of the data set, L, is determined to be 10.1 ± 1.3 µb −1 [11] .
Signal yield determination
The signal yield, n coh , is determined in two steps. First, a fit to the dimuon invariant mass spectrum is performed to obtain the number of J/ψ candidates, which includes coherent and incoherent J/ψ, and ψ(2S) feeddown components. A fit to the J/ψ transverse momentum, p T , is used to estimate the number of signal candidates, where the nonresonant UPC background is constrained from the first fit.
The number of J/ψ mesons is estimated by fitting the invariant dimuon mass distribution to signal and background components. The J/ψ and ψ(2S) invariant mass distributions are modelled by double-sided Crystal Ball functions and the nonresonant background by an exponential multiplied by a first-order polynomial. The ψ(2S) parameters, aside from the mean, are constrained in the fit to follow those of the J/ψ. Figure 1 (bottom) shows the fitted dimuon mass spectrum.
Two resonant background sources are considered: incoherent production of J/ψ and feed-down of photoproduction of ψ(2S) mesons. In order to determine the signal yield in the presence of these backgrounds, a maximum likelihood fit to the natural logarithm of the J/ψ transverse momentum squared, log(p 2 T ) is performed. In this fit, the background and signal are modelled by templates taken from the STARlight event generator [4] . An ad hoc track momentum smearing is used in order to obtain a similar momentum resolution to the one described in Ref. [2] . The feed-down background is assumed to have the same log(p 2 T ) distribution as the incoherent background. Figure 1 (top) shows the fit to the log(p 2 T ) distribution. 
Systematic uncertainties
Systematic uncertainties in the measured cross section are related to the determination of the muon reconstruction and selection efficiencies, the trigger efficiency, the muon momentum smearing, the mass fit signal model and the modelling of the feed-down background. They are listed in Table I . The largest uncertainty comes from the integrated luminosity determination due to the unusual collision system and the extrapolation method employed.
TABLE I
Relative systematic uncertainties considered for the cross-section measurement of coherent J/ψ production. The first two contributions are taken from Ref. [13] .
Source
Relative 
Results
The cross section for coherent J/ψ production within the fiducial region is calculated using Eq. (1) without the normalisation to the bin width and found to be σ = 5.3 ± 0.2 (stat.) ± 0.5 (syst.) ± 0.7 (lumi.) mb, where the first uncertainty is statistical, the second is systematic, and the third is due to the uncertainty on the luminosity. The fiducial region is defined as J/ψ mesons decaying to dimuon final states, where the muons are detected within the pseudorapidity region of 2.0 < η < 4.5 and the J/ψ meson is required to have p T < 1 GeV and 2.0 < y < 4.5. The coherent differential J/ψ production cross section, measured in bins of J/ψ rapidity, is given in [12] . A comparison of the measurement with theoretical predictions discussed below is shown in Fig. 2 .
In the models of Gonçalves et al. [6, 14] , Cepila et al. [15] and Mäntysaari et al. [16] , the cross sections are calculated within the framework of the Colour-Dipole model. All of these models describe the data within the uncertainties of that method arising from the need for an assumption for the J/ψ wave function. Assuming the GLC wave function, the prediction with subnucleonic fluctuations [15] is favoured by the LHCb data with respect to the prediction without subnucleonic fluctuations [15] . The model provided by Guzey et al. [3] is based on a perturbative QCD (pQCD) calculation at leading order within the leading-log approximation. The measurement can be described by all used prescriptions for the nuclear structure. Fig. 2 . Differential cross section for coherent J/ψ production compared to different phenomenological predictions [12] . The LHCb measurements are shown as points, where inner and outer error bars represent the statistical and the total uncertainties respectively.
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